immunoreactive insulin responses to 75-g oral glucose in lean, young, full-blood Aboriginal men from urban and rural communities and made comparisons with age-and weight-matched Caucasoids. Fasting glucose concentrations were lower in the rural Aborigines than in the urban Aborigines or the Caucasoids. Plasma glucose concentrations 2 h postprandially were significantly higher in both Aboriginal groups (urban 6.7+0.6 mmol/1, rural 6.4+ 0.4 mmol/1) than in the Caucasoids (5.0 + 0.3 mmol/ 1). Insulin responses in the two Aboriginal groups were almost identical and 50% higher than in the Caucasoids. We also investigated glucose tolerance and plasma lipids in 67 full-blood Aborigines living in an isolated rural community. Only three people (two men and one woman) had diabetes while a further eight (six men and two women) had impaired glucose tolerance. Fasting plasma cholesterol concentrations did not increase with age and were significantly lower in the rural Aboriginal community than in either the urban Aborigines or the Caucasoids. These results suggest that elevations in fasting cholesterol and glucose concentrations are lifestyle-associated, but that mild impairment of glucose tolerance and high insulin response in the Aborigines may be inherited metabolic characteristics.
Wise et al. [1, 2] surveyed a number of urbanized Aboriginal communities in South Australia and found a diabetes prevalence of 11%. Bastian [3] reported a 17% prevalence among 'fringe-dweller' Aborigines of the West Kimberley whose lifestyle is characterized by poverty, high unemployment, high alcohol consumption and poor diet generally.
In a recent study of a small group of full-blood Aborigines, a marked reduction in plasma insulin concentration associated with a small improvement in glucose tolerance was observed upon reverting to traditional diet and increased physical activity [4] . The aim of the present study was to investigate the insulin response of two groups of lean, young Aboriginal men to oral glucose and to compare them with those of age-and weight-matched Caucasoids. The two groups of Aboriginal men came from the same geographical region in the north west of Australia but from communities with quite different lifestyles. One group, designated 'urban', had a lifestyle characterized by low physical activity and high consumption of alcohol, unenriched white flour and white sugar; while the other, designated 'rural', lived on a mission, was moderately physically active, had no access to alcohol and consumed a diet which contained fresh fruit, vegetables and meat daily, as well as white flour and sugar.
We have also attempted to study the frequency of diabetes and impaired glucose tolerance (IGT) in this less westernized rural Aboriginal community. Fasting plasma cholesterol and triglyceride concentrations were also measured in this group.
Epidemiological evidence suggests that Australian Aborigines are particularly susceptible to Type 2 (non-insulin-dependent) diabetes when they make a rapid transition from traditional to urban lifestyle.
Subjects and Methods
Derby is the regional centre for the Kimberley in the north west of Australia. The Aboriginal population from which the subjects were drawn lived at the Mowanjum Community 15 km outside Derby.
0012-186X/82/0022/0148/$01.20 There were about 150 people over 15 years of age resident at Mowanjum at the time of the study. Alcohol consumption is generally high and has major deleterious consequences on overall nutrient intake: damper (unleavened bread made from white, unenriched flour) and extremely sweet tea (estimated to contain 20%-30% added sugar) being the main dietary staples. Their diet is therefore high in fat, alcohol and refined carbohydrates and relatively low in protein (< 10%). In contrast, Kalumburu Benedictine Mission is situated on the northern coast of Western Australia, 750 km north east of Derby and is accessible by road for only 6-8 months of the year. The people there lead a rural existence providing their supply of fruits, vegetables, bread, poultry, pigs and cattle. Beef and vegetable stew and rice is available twice each day. Soft drinks, sugar, breakfast cereals and canned food can be purchased from a store, but alcoholic drinks cannot be bought and are not allowed on the mission. In addition to the fixed population of about 160 Aborigines, Kalumburu has a transient population of relatives and friends.
Comparison of Glucose Tolerance in Three Groups of Young Men
The age, weight and body mass index of the subjects are shown in Table 1 .
Urban Aborigines. Nineteen full-blood Aboriginal men (aged years) participated in this study and represented about half of the total male population of this age in that community.
RuraIAborigines. Of the 17 full-blood Aboriginal men (aged 15 35 years) who were present at the time, 15 agreed to cooperate in the study. Ten participated in a glucose tolerance test and all 15 had blood taken for plasma lipid concentrations.
Caucasoids. Seventeen white male volunteers from Melbourne were selected to match for age, height and weight with the Aboriginal groups.
Survey of Diabetes and Impaired Glucose Tolerance in the Rural Aborigines at Kalumburu
Of the 162 Aborigines from the Wunumbal tribal group who were registered officially as being resident at Kalumburu, 71 were under 15 years and not included. Of the target population of 91 people aged 15 years and over, 67 were surveyed. The 24 people not surveyed included seven who were over 60 years and 15 who were under 30 years (most of whom were absent at the time). There were no known diabetics among those not surveyed. All those studied were full-blood Aborigines.
Procedures
The investigation of the rural dwelling Aborigines was carried out over a 2-week period in August 1979. The main sources of carbohydrate in the rural diet were sugar, flour, rice, sweet potatoes, other vegetables and fruit, and carbonated drinks. Carbohydrate intake from these sources was assessed from a questionnaire and crosschecked with records of store purchases and food supplied from the kitchen and found to be 300400 g per person per day. The main sources of carbohydrate in the urban diet were sugar, flour, rice, potatoes, carbonated drinks, sweet biscuits, sweetened condensed milk, beer and port. Carbohydrate intake from these sources was assessed by questionnaire to be 200 300 g per person per day.
The three groups of men were studied after a 12-h overnight fast. An indwelling IV cannula was inserted into a vein in the forearm and kept patent with a heparinized saline-filled syringe. A 75 g oral glucose tolerance test ('Glucola') was carried out with blood samples at 0, 1/2, 1,2 and 4 h.
The remaining Kalumburu residents had a simpler glucose tolerance test with blood samples before and 2 h after 75 g glucose after a l 2-h overnight fast.
Analytical Methods
Glucose concentrations were measured in fluoride oxalate plasma by the glucose oxidase method, lmmunoreactive insulin concentrations in heparinized plasma were measured using dextran-coated charcoal for precipitation of free hormone after reaction of insulin with commercially available antiserum (Burroughs-Wellcome). Human insulin (Novo) was used as the standard. The range of the assay was 5-200 mU insulin/1 and the interassay coefficient of variation was 8%. Fasting triglyceride concentrations were determined enzymatically after enzymatic hydrolysis using a Technicon autoanalyser. The normal range for triglyceride concentrations in fasting plasma was 0.5-2 mmol/l. Total cholesterol concentration in fasting plasma was measured colorimetrically after reaction with acetic anhydride and concentrated sulphuric acid using a commercially available kit (Boehringer). The normal range for cholesterol concentration in fasting plasma from Caucasoids is 3.5-6.5 mmol/l.
Cholesterol and triglyceride concentrations were also measured by automated enzymic techniques in very low density lipoproteins (VLDL) and in high density lipoproteins (HDL). VLDL were separated by I6-h ultracentrifugation of plasma at 40,000 rev/ min in a Beckman L-50 centrifuge. HDL were separated from other plasma lipoproteins that had been precipitated by heparin-manganese chloride [5] . Lipids in low density lipoproteins (LDL) were calculated from the differences between whole plasma and VLDL + HDL.
Diagnostic Criteria for Diabetes
The criteria chosen for definition of diabetes were those of the US National Diabetes Data Group [6] for venous plasma glucose: fasting x_7.8 mmol/1 and 2-h oral glucose tolerance test > 11.1 mmol/1; impaired glucose tolerance: fasting < 7.8 mmol/1 and 2 h oral glucose tolerance test between 7.8 and 11.1 mmol/l; normal glucose tolerance: 2-h oral glucose tolerance test < 7.8 mmol/1.
Statistical Methods
Statistical analysis of the results was carried out using Student's t test for unpaired data. The criterion for significance was a p value < 0.05. The areas under the curves for insulin and glucose were calculated using the trapezoidal rule. 
Results

Comparison of Glucose Tolerance in Three Groups of Young Men
Age and body mass index data of the men who participated in the study are presented in Table 1 . The body mass indices of the three groups were similar. The small differences in mean ages were not significant. The change in plasma glucose in response to the glucose load is shown in Table 2 . Fasting glucose concentrations were significantly lower in the rural Aborigines than in either the urban Aborigines or the Caucasoids. There were no significant intergroup differences 30 or 60 rain after the glucose load. However, 2 h post-prandially, the plasma glucose concentration had returned to baseline in the Caucasoid group but remained significantly elevated (p < 0.01) in both Aboriginal groups in whom return to baseline occurred at 4 h. Plasma insulin response to the oral glucose load is also presented in Table 2 . Basal insulin levels were similar in the three groups but subsequently insulin concentration tended to be lower in the Caucasoids than in either the rural or urban Aborigines (difference at 2 h, p < 0.001). The insulin responses in the two Aboriginal groups were similar, the areas under the insulin curves being almost identical (rural 182 + 21, urban 179 + 22 mU 1-~h-~) but significantly greater than in the Caucasoids (121 + 10 mU 1-lh-1), (p < 0.02). The incremental increase in insulin concentration was highly correlated with the incremental increase in glucose concentration in all three groups (p < 0.01). Combining these results by comparing areas under the incremental glucose and insulin curves up to 2 h post-prandially for each group suggested that these correlations were stronger for the Aboriginal groups (Caucasoid NS, rural Aborigines p < 0.01, urban Aborigines p < 0.01).
Survey of Glucose Tolerance and Diabetes in Kalumburu Population
Many people aged 30-50 years live away from the mission resulting in an unusual pattern of age distribution. One-third of the population surveyed was over 50 years and one-half aged between 15 and 30 years. The mean body mass index of the women was 23.4+0.8 kg/m 2 and of the men 22.2+0.6 kg/m 2. There was a trend towards higher body mass index with increasing age.
Of the people 15 years and over who were tested, 83.6% had normal glucose tolerance, 11.9% had impaired glucose tolerance and 4.5% had diabetes (Table 3) . No-one under 54 years of age had diabetes. Proportionately more men than women were glucose intolerant. Results expressed as mean _+ SEM
Statistical comparisons Men
Urban 
Plasma Lipid and Lipoprotein Values
Total plasma cholesterol concentrations in rural Aborigines were significantly lower than in either the urban Aborigines or Caucasoids (Table 4) . Both HDL and LDL cholesterol contributed to the difference. Total triglyceride concentrations tended to be higher, though not significantly, in the Aboriginal groups. However, triglyceride concentrations in VLDL and LDL were both significantly higher in the urban Aborigines than in the Caucasoids, and the rural Aborigines also had higher VLDL cholesterol than the Caucasoids. Table 4 also shows the plasma lipid data for all Kalumburu residents tested. Men aged under 35 years had significantly higher triglyceride levels than the women (p < 0.01). Plasma cholesterol concentrations were similar in men and women and low in comparison with Caucasoids.
Discussion
Despite close similarities in age distribution and leanness of the three groups under study, there were striking differences in glucose tolerance and insulin responses between the Caucasoid and Aboriginal men. The two Aboriginal groups resembled each other closely in terms of glucose tolerance and insulin response to oral glucose, although the Kalumburu (rural) men had significantly lower fasting glucose concentrations. Both Aboriginal groups exhibited impairment of glucose tolerance characterized by mildly elevated plasma glucose levels 2 h after a 75 g oral glucose load. By contrast, the Caucasoid group had regained basal glucose levels at this time. This degree of impairment of glucose tolerance has been recently reported to be associated with doubling of the risk of mortality from coronary heart disease in the large Whitehall study of British male civil servants [7] .
Although the three groups had similar basal insulin levels, the glucose-stimulated insulin response was significantly higher in the Aboriginal groups than in the Caucasoids. The strong correlations between incremental insulin and glucose levels observed in this study are consistent with previous findings [8, 9] in which increased insulin responses were associated with mild impairment of glucose tolerance. As the degree of impairment of glucose tolerance progressed to diabetes, however, the insulin response fell off. The lack of difference between the two Aboriginal groups, despite major differences in lifestyle, suggests that a high insulin secretory response may be a metabolic characteristic of these people. Indeed previous stud-ies on a group of Aborigines from the same area indicated that they exhibited unusually high insulin responses both in the urban environment and after reverting temporarily to their traditional hunter-gatherer lifestyle [4] .
High insulin responses have been demonstrated in other populations when they make a rapid transition from traditional to urban life. Examples of such populations include the Pima Indians [10, 11] , Polynesians, Micronesians [12, 13] and Melanesians [14] . In addition to being associated with increased risk of Type 2 diabetes, high plasma insulin levels have also been shown to be associated with increased risk of coronary heart disease in three prospective population studies [15] [16] [17] . In these studies the plasma insulin level was of better predictive value than blood glucose and was independent of other coronary heart disease risk factors. Whether or not the mild impairment of glucose tolerance and hyperinsulinaemia observed in these people will be associated with increased risk of coronary heart disease remains to be seen. In this context however it is of interest to note that Bastian [3] and Wise et al. [2] have reported much higher prevalence rates for coronary heart disease in their Aboriginal populations than have been reported for white Australians in the Busselton Survey [18] .
In view of the rural-urban differences in diabetes prevalence rates which have been reported for other populations (e.g. Western Samoa [19] and New Guinea [14] , it seems reasonable to suggest that the lower frequency of diabetes observed in this rural Aboriginal community in comparison with those reported for urbanized Aboriginal communities [2, 3] reflects a similar phenomenon, despite the different diagnostic criteria employed and the small sample size. These data, together with the more detailed metabolic studies on the lean young Aboriginal men from the urban and rural communities, suggest that both groups have the metabolic characteristics which would predispose them to Type 2 diabetes [6] , but whether or not they develop diabetes in later life would depend upon their environment.
The rural Aborigines had significantly lower total plasma, LDL and HDL cholesterol concentrations than either the urban Aborigines or the Caucasoids. Furthermore, total plasma cholesterol did not increase with age in the rural population. This has been reported in several other non-urbanized, non-Caucasoid populations [20, 21] as well as in vegetarians [22] . HDL cholesterol levels are generally low if the total plasma cholesterol is unusually low [23] . The few reports of serum lipids in Australian Aborigines have shown fairly similar levels as in Caucasoids [2, 3, 24] . The higher plasma and lipoprotein triglyceride levels in both groups of Aboriginal men may have resulted from their hyperinsulinaemia which has been shown to stimulate triglyceride production in man [25] .
